110 patients with extracranial leA stenosis were treated by PTA or stenting. In 21 of 55 cases of only PTA and in 40 of 55 cases of stenting, we used our blocking balloon systems to prevent distal embolism. The morbidity and the mortality rates were 5.4% and 0%, respectively. There was only one embolic complication in cases of PTA or stenting where blocking balloon systems were used. In contrast, distal embolism occurred in 3 of 34 cases of PTA without blocking balloon systems (one symptomatic case) and in 4 of 15 cases of stenting without blocking balloon systems (3 symptomatic cases). Our blocking balloon catheter system is a useful device to reduce the risk of symptomatic distal embolism.
Introduction
To date, PTA/stenting for cervical internal carotid artery (ICA) stenosis has become a well-accepted procedure for treating high-risk patients with carotid endarterectomy 1,2,3,4. However, distal embolism is a serious complication of PTA/stenting for ICA stenosis, because cerebral embolism may result in severe neurologi-cal deficits or death. Recently, we have used our original blocking balloon catheter systems (BBCS) in PTA/stenting for ICA stenosis to prevent distal embolism. To examine whether use of the blocking balloon catheter systems reduces complications due to distal embolism, we compared clinical results and complications of PTA/stenting with and without the blocking balloon catheter systems.
Patients and Methods
A total of 110 patients with extracranial ICA stenosis were treated by PTA or stenting. Of 110 patients, 55 cases underwent only PTA, while 55 cases were treated by stenting. In 21 of 55 cases of only PTA and in 40 of 55 cases of stenting, we utilized our blocking balloon systems in order to prevent distal embolism.
We have three types of blocking balloon catheter systems (figure1). A tip of a type 1 balloon catheter is just a silicone balloon, while a type 2 balloon catheter has a guide wire tip on the silicone balloon. On a type 3 balloon catheter, a monorail type catheter tip which a 0.014" guide wire pass is mounted on the silicone balloon. Usually the type 3 blocking bal- Figure 1 Three types of our blocking balloon catheters. A tip of a type 1 balloon catheter is just a silicone balloon, while a type 2 balloon catheter has a guidewire tip on the silicone balloon. On a type 3 balloon catheter, a monorail type catheter tip which a 0.014" guidewire passes through is mounted on the silicone balloon. Usually the type 3 blocking balloon catheter system is used for PTA/stenting for leA stenosis. iOnClf8i1 type 0.014" guldewlre lumen loon catheter system was used for PTA/stenting for ICA stenosis. First, we passed a 0.014" microguidewire across the stenosis and then advanced a type 3 blocking balloon catheter through the stenosis along the microguidewire. After the microguidewire was removed, either a PTA balloon catheter (Opta-5) or a stent delivery system (Wallstent, SMART stent,etc) was navigated over the blocking balloon catheter (outer diameter 0.8mm). PTA/stenting was performed following inflation of the distal blocking balloon and then another 4Fr catheter that had been placed in the common carotid artery before was advanced just proximal to the distal blocking balloon.
Immediately blood in the ICA was aspirated and flushed into the external carotid artery through the 4Fr catheter, then we deflated the distal blocking balloon and restored the blood flow. It usually takes 3-4 minutes to complete this procedure. Recently, we have used BBCS during predilatation as well as during postdilatation to reduce the hyperintensities on diffusion-weighted MRI after the procedure. We used Wallstents, SMART stents and Palmaz stents in 23,25 and 7 patients, respectively. Angiography, conventional MRI (diffusionweighted MRI in the possible cases) and CT scan were utilized to detect infarcts due to distal embolism.
Results

1)
In a total of 110 patients, the mean stenosis rate before and after PTA/stenting was 76.4% and 19.5%, respectively.
2) No distal embolism (0%) occurred in 21 cases of only PTA with the blocking balloon catheter systems and there was only one embolic complication (2.5%) in 40 cases of stenting where blocking balloon systems were used. This distal embolism was symptomatic and resulted in RIND.
3) In contrast, distal embolism occurred in 3 (9%) of 34 cases of PTA without blocking balloon systems( one symptomatic case) and in 4 (27%) of 15 cases of stenting without blocking balloon systems (3 symptomatic cases). 4) As a complication derived from the blocking balloon catheter systems, we experienced a case of stent migration, which required carotid endarterectomy to remove the stent. 5) We performed diffusion-weighted MRI in 14 patients after stenting using BBCS during postdilatation. Seven of 14 patients (50%) showed hyperintense areas on diffusionweighted images, but symptomatic case was only one of 14 patients (7%). 6) In one case, a curve of ICA distal to the stenosis revealed kinking after stent placement.
Case Reports
Case
A 77-year-old man with a history of angina pectoris suffered from right watershed infarct. Conventional angiography revealed an irregular 90% stenosis of the right ICA. Stenting and postdilatation were performed using our type 3 blocking balloon catheter, but he showed slight hemiparesis and hemineglect immediately after the procedure despite sufficient dilatation of the stenosis. Diffusion-weighted imaging showed multiple cerebral embolism although angiography demonstrated no vascular occlusion. These neurological signs disappeared several days later. This is the only case of embolic complication that occurred after the introduction of blocking balloon catheter system ( figure  2,3,4 ).
Discussion
Distal embolism is one of the most serious complications associated with PTA/stenting for cervical ICA stenosis, and various protection systems have been developed to prevent this complication 5.6.7 . In 1996, Theron, et AI, reported excellent results when stenting with cerebral protection using a latex balloon catheter. They reduced the embolic complication rate from 8% without cerebral protection to 0% in cases ( , ; v, of PTA and 2% in cases of stenting with the protection 5. In our results, our blocking catheter systems could decrease embolic complications from 9% to 0% in cases of PTA, while distal embolism was successfully reduced 27% to 2.5% by use of the blocking catheter in cases of stenting. Thus, we suggest that the blocking balloon catheter system is a useful technique for avoiding distal embolism during PTA/stenting of ICA stenosis.
Our protection system has an advantage that the blocking balloon catheter can cross even a severe stenosis, whenever 0.014" microguidewire can cross it. The flow-guided protection balloon catheter like Theron's system seems to be difficult to cross the severe stenosis. On the other hand, radiopacity of our system is not sufficient to check loops or kinks of the catheter. In one case, a loop of protection catheter was pinched between stent and arterial wall and surgical removal of the stent was required. Therefore, we need to develop more visible blocking balloon catheters to avoid this complication.
In this study, angiography, conventional MRI and eT scan were routinely utilized to diagnose embolic complication following PTA! stenting. However, diffusion-weighted MRI demonstrated high incidence of hyperintense areas due to distal embolism despite of use of our BBeS during postdilatation, although almost all of embolism (hyperintensities on diffu-
